with one hand around the neck, and the other around the loins, a forward movement will induce a forward movement of the limbs, and a backward movement the reverse, " the springing reflex."
These reflexes are absent after labyrinthectomy. They are present if the, head is held immobile to the body. They are unaffected if the muscle-sense is cut off by injection of novocaine, are unaffected by decerebration or the removal of the cerebellar hemispheres, and are unaffected by centrifugalization which (as is later shown) destroys the function of the otoliths. They must, therefore, be due to the semicircular canals. (They can be demonstrated in guinea-pigs, rabbits, cats and dogs.) It has been stated as an objection that the semicircular canals could not react except on some rotation movement, since they form a system comparable to a closed vessel with rigid walls. The walls, however, are not rigid, because there is the elastic fenestrum ovale and the fenestrum rotundum. A model has also been made showing that a movement of the fluid in the semicircular canals does occur in response to motion, downwards, upwards, from side to side, or from before backwards. There are, however, some in Utrecht who still maintain that these reflexes are due to otoliths, although after the otoliths have been destroyed the reflexes still persist.
It is characteristic of the next group of reflexes that they are " tonic," i.e., they persist as long as the stimulus producing them is maintained. They consist of the " neck " reflexes and the " otolith " reflexes. It is convenient to take the former first.
(B) The Neck Reflexes. These appear (a) as certain extensions or flexions of the body musculature, and (b) as movements-of the eyeball. / (a) If, for example, a rabbit is laid on its back, and the head extended, it will be found that the fore limbs become rigid, whilst the hind limbs are relaxed. If the head is flexed towards the abdomen, the fore limbs become flexed and the hind limbs extended. If the head is rotated towards, e.g., the right-the limbs on the right side become rigid, whilst the belly muscle of that -side is relaxed, and that of the opposite rigid. (The reverse happens with rotation of the head to the left.)
These reflexes are present after ablation of the whole cranial contents down to the origin of the first, second, and third posterior cervical nerves.
(b) If, with the animal in its " normal " position of rest, the body is bent over the head, the eyeballs will be seen to rotate so that their upper poles move forward and downward. With the body flexed under the bead the reverse action occurs. If the body is twisted around its long axis (whilst the head is held fixed) the upper poles of the eyes will move in the direction of the back (i.e., that on the " back" side towards its lower lid, and that on the 4 belly " side towards its upper lid). If the body is bent around its dorsovertical axis, e.g., towards the right, the right eye will move into the nasal canthus, and the left eye towards its aural canthus (the reverse occurring with an opposite movement of the body).
These reflexes persist after ablation of the whole cranial contents so long as the motor oculi nuclei and corresponding nerves, their " downward " connexion with the spinal cord, and the upper three posterior cervical nerves are intact. There is a latent period for these reflexes of from one-third to six seconds.
THE OTOLITHIo REFLEXES.
(a) Utricular.
The otoliths of the utricles (" the lapuli ") lie more or less in one plane which is horizontal in the "normal" resting position of the animal. Each is eonnected with both the homolateral and contralateral side of the body musculature, except as regards the neck muscles, with which it is only associated on the homolateral side. Their action is the result of alteration of their " position " in space. They have a " minimal " and ",maximal " position (the intervening positions affording varying degrees of action).
The " minimal " position is that in which the animal is in its " normal" attitude of rest, the " maximal " the reverse. For instance, in the rabbit the " minimal " position is that in which it normally sits, whilst the " maximal " position occurs when it is laid on its back, with its head at about an angle of 450 to its body. In this latter position the limbs become extended and rigid. (In order to eliminate the possibility of any " neck reflex " as shown above, the animal must be so held that no disturbance of the relation of the head to the body occurs.) If the animal is now turned back to its " normal" position the limbs become flexed.
From these and other data the majority of writers consider that the otoliths function only when they are " dependent" from the otolithic membrane.
(D) Saccular.
The otoliths of the saccules (the "sagittw, ") do not lie in one and the same plane, but each lies somewhat below the utriculus of the same side, and in a plane at an angle of about 450 to that of the utricle on the same side. They control the "head position " reflexes and the " compensatory eye-movements." The "head-position " reflex can be shown by holding a guinea-pig, for instance, by the loins in the horizontal position with the back downwards; under these circumstances the animal attempts to bring its head into the " normal " position and so retain it. In other altered positions of the body the same effect as regards the head will be induced.
The " compensatory-eye movements " ate demonstrated also with varying positions of the animal, the head and body being maintained in their " normal " relative positions, so as to avoid the introduction of the element of any " neck " reflex as above described. If, with this precaution, the animal be moved from its " normal " to the vertical position with nose upwards, the eyeballs will be seen to rotate, the upper pole moving towards the nose or, if a movement of the body in an opposite direction is made, the upper poles of the eyeballs will move towards the ears. If the body is rotated around its long axis, e.g., to the right, then the right eyeball wifl move towards the upper lid, and the left eyeball towards the lower lid; the reverse action of the eyeballs occurring with a reversed rotation of the body. (The sacculi are connected with both sides of the body.) The latent period for the otolith reflexes may be as much as twenty-three seconds.
These reflexes persist after decerebration and removal of the brain down to the level of the entrance of the eighth nerves-so long as, for the saccular effects, the motor oculi nuclei are preserved intact. They disappear after section of the eighth nerve-after labyrinthectomy or after " effective centrifugalization." (For the convenient detection of the movements of the eyeball a "cross " should be gently branded on the cornea.) The reaction can be shown most easily, for example, in the rabbit and guinea-pig-in higher animals (such as the dog or cat) decerebration may be necessary. The reactions may persist as long as a year after labyrinthectomy and other operative interference.
(E) Data.
The data on which these findings are based may be summarized as follows:- (2) Removal of brain down to " origin " of the first posterior cervical nerves.
(3) Section of the upper three posterior cervical nerves.
(4) Section of one or both eighth nerves. (5) Labyrinthectomy-either one or both sides. (6) Centrifugalization (with the body vertical and the nose upwards) some one to two thousand times a minute for one to two minutes. The procedure is carried out " under ether," and provides a method of isolated destruction of the otoliths; the function of the semicircular canals being left undisturbed. (First suggested and described by Wittmaach in 1909.)
Deductions which may be made from above operative investigations are sufficiently obvious.
This experimental operative research is controlled by:
(1) Detailed examination of the animals and their response to movements before operation-all of which are carefully noted.
(2) Detailed record of the operative interference.
(3) Re-testing the various reflexes subsequent to operation.
(4) Eventual post-mortem examination. Table. -An apparatus on which the animal can be secured in any position and rotated or moved in various directions. With the assistance of a camera fixed on the table, and moving in exact conformity with the animal, an accurate record is obtained of the movements of the eyeball as indicated by a " cross " previously branded (under cocaine) on the cornea.
(d) The Experiment of Kreidl on the Crustaceant, Palaemon.-Kreidl noted that when this animal "moults," the calcareous particles in the otocyst are expelled and fresh particles taken in. He therefore provided a medium containing only iron granules for an animal in this phase. Afterwards he was able to demonstrate by the application of a magnet definite movements corresponding to definite positions of the magnet in relation to its head.
(e) The control histological work of Professor Winkler, as set forth in his classic treatise on the eighth nerve (see Bibliography)-an account of special research which merits a separate discussion.
(F) Clinical Application.
Professor Magnus and Dr. de KleijD, the chief investigators in this research, have collected eight cases (see Bibliography), all instances of lesions of the cerebrum, and corresponding more or less to the condition of " decerebration." They consist of cases of hydrocephalus-haemorrhage into the ventricles, meningitis, gumma cerebri, and idiot children. All these showed the " neck reflexes," and four of them showed certain of the "otolithic " reflexes. Twentysix normal children, under the age of 3i months, were examined-in none could the " neck " reflexes be elicited-but in twenty-three certain of the " otolithic" reflexes could be demonstrated. The dancing mice of Japan show phenomena which may quite possibly be due to pathological lesions of the otoliths, and incidentally it is thought by some writers that these lesions are analogous to those which constitute some of the forms of " hereditary deafness" in man. The study of the lesions in these mice may thus possibly afford some help in this direction.
Some writers consider that disturbance of the otoliths constitutes the main element in the production of sea-sickness.
The inclination of the head to the same side after labyrinthectomy, or in certain pathological lesions of the labyrinth, is also proved by these investigations to be an otolithic reaction, due to an effort to maintain the head in that position, wherein the remaining intact otolith is " at rest," and so the disturbance of balance is avoided as much as possible.
These researches, too, have led to the conclusion by Hoshino that probably the cerebellar hemispheres are not necessarily concerned with the static condition of the body but may be merely subsidiary central " stations" whose functions, after their ablation, can be easily assumed by the larger brain. On the other hand the central control of "vestibular " nystagmus and "by-' pointing" is probably located in the cortex of the middle cerebellar lobe (see Bibliography).1 (G) Some Phylogenetic Theories.
From the literature on the subject, and as the result of conversations with the authors of these investigations, fascinating reflections may be suggested. For instance, to such a primitive animal as a fish in a medium, such as water, the necessity of some mechanism whereby balance may be maintained by the assistance of the elemental force of gravity, is at once apparent. For this purpose the balancing apparatus must automatically control the musculature of the body-the dead fish, as is well known, turns belly upwards-to this purpose, therefore, the otolith apparatus and its connexion is developed.
Automatic progression is controlled by the "neck reflexes" resulting from movements of the head. The next item of importance is provision that the animal can locate its prey or danger. This sense, it is suggested, is situated in the "lateral line" organ through which it obtains perception of the movements of the medium in which it lives, and is able to respond to vibrations up to some 15 D.V. per second. This " lateral line " was formerly considered to represent a branch of the tenth nerve, but it is now held by one school to correspond more closely to the eighth. Thus, together with the primitive reflexes which control balance and progression, is developed a " sense," which utilizes these to the animal's welfare.
In the next medium-air-the " lateral line " disappears and a " cochlea" and auditory nerve begin to develop; whilst, when we come to the animals living on land, and the automatic control of movement in a third dimension is no longer necessary, the third otolith (the asterisk in the lagaema) ceases to be found. " Balance " and " perception of sound " it is suggested, are associated intimately from very early phylogenetic times, and that this close association still persists is evidenced not only by the proximity of the vestibular and auditory organs, but by the obviously still persistent influence of sound on movement (e.g., dancing, melody, marching, or for instance the inevitable " start " that follows unexpected noises).
This theorizing on the sequence of development may be carried yet further: The use of " sound" in controlling movement, demands an apparatus for producing " sound," and thus necessity for "voice," and its mechanism is developed-and with " voice " comes " language," and, finally with " language" that attribute only founid in the highest animals-intelligence.
Postscript.-As the communication to the meeting was chiefly colloquial, its printed record is offered rather in the form of a "paper" so that the valuable work of the authors shall suffer as little as possible by faulty phraseology, or omissions. The communication included demonstrations of the " neck " and " otolith " reflexes in the guinea-pig and rabbit, illustrations (by the epidiascope) of some of the apparatus used, of some of the experiments, of photographs, and enlargements of certain diagrams, which appeared in the original publications mentioned hereunder.
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Amonigst the extensive literature on the subject, the following references have been selected as practically comprising an accouint of the work done in this direction:-KLEIJN, A. DE, " Zur Tecbnik der Labyrinthexstirpation uind Labyriiitbausscbaltuing bei DISCUSSION.
Mr. SYDNEY SCOTT welcomed Mr. Tweedie's account of his experiences at Utrecht, for he had brought to the notice of the Section some of the most important facts in connexion with this new research in otology since the original discovery by Flourens, that the labyrinth was concerned in some way or other with co-ordination. He regarded Winkler's experiments as perfectly wonderful. Everyone had realized the great difficulty attending the differentiation of function of the saccule, utricle and semicircular canals. We could interfere physically with the labyrinth as a whole or with the semicircular canals more or less individually, without necessarily disturbing the utricle or saccule, but until the idea was conceived of employing centrifugal force to detach the otoliths from the utricle or saccule, without interfering with the canals or tympanic structures, the difficulties had seemed insurmountable. He believed the results so far obtained threw so much new light on the subject, that the physiology of the labyrinth in its bearing on the nervous system would have to be reconsidered. He asked if Mr. Tweedie could say whether different results were obtained by centrifugalization before and after decerebration ? and had the observers whose investigations he had described, been able to exclude any possible effect of high-speed centrifugalization on the blood supply of the brain cortex? He assumed of course that this had been fully considered. He would like to ask whetherthose investigations had led the observers to negative Barany's hypothesis in connexion with localization of arm and leg areas in the cerebellar cortex ?
Dr. WILLIAM HILL asked to which of the two the utricle was more closely relatedto the saccule, or to the semicircular canal system ? Dr. ALBERT A. GRAY said he agreedwith the view put forward by Mr. Tweedie that these reflexes were developed in response to stimuli of movement. This was borne out by the facts that, in the case of animals with delicate head moovements, the vestibule and canal were well developed. In fish, which had a graceful and easy movement, it was so. Amphibia showed a less developed organ of equilibration; and the same condition was found in some reptiles such as tortoises. The movements of crocodiles and lizards were quicker and more delicate, and the apparatus was consequently better developed than in tortoises. Birds had large canals with a rich nerve-supply. The same held good to a less extent in mammals. He recently prepared the labyrinth of a giraffe, in which the canals and vestibule were very well developed. In the porpoise and sea cow there was a poor equipment in this regard. Therefore comparative anatomy confirmed the idea put forward, that it was the delicacy of movement which brought about the development of the organ. It was not so easy to explain why the cochlea developed from the saccule. The winged insect developed a hearing apparatus entirely independent of the statocyst. It had its otolithic apparatus in one structure, while the hearing apparatus might be in one of various parts of the body such as the forelegs. Dr. Gray thought that the development of a hearing organ was to be associated with the change from a life in water to a life in air. Air was a compressible medium, and water was incompressible.
Mr. TWEEDIE (in reply) said the animals had been kept a year after centrifugalization and showed no apparent symptoms except the disappearance of those reflexes. As to Barany's work, Hoshino showed that the cerebellar hemispheres were only a subsidiary centre, and so long as the cortex of the central lobe of the cerebellum remained, it did not much matter whether there was a cerebellar hemisphere or not. If total labyrinthectomy were done on each side, the only reflexes which persisted were the neck reflexes. In answer to Dr. Hill, there was no doubt, he thought, that the utricle was the parent of the semicircular canals.
